STATISTICAL ADAPTATION ALGORITHM IN CONTINUOUS SHORT-RANGE RUNOFF
FORECASTS : : ‘

V. I. Koren

Meteorologiya i Gidrologiya,
No. 3, pp. B0-84, 1984

UbC 556.16,06

Proposed 1s an algorithm which lncreases the accuracy of short-range forecasts
of discharge and levels of water by considering initial conditlons. It is
assumed that errors in the input data are random. The algorithm 1s checked for
a large number of cases.

In making contlnuous short-range forecasts of discharge new data on the predicted
element 1s usually supplied. ' This data characterizes the state of the discussed water ob-
Ject at the moment of the forecast (initial conditions). Naturally, the effectiveness of
the method used for forecasting depends in many ways on 'the method of calculating the ini-
tial conditions.

In the practlice of hyvdrological forecasting numerical methods are often used, which
clearly do not Include initial conditions, making thelr implementation 4ifflcult. These
methods may 1nclude the plan for forecasting water discharge based on the use of lag curves.
In -this case the expression.for determining the predicted value may be written in the

: following form:
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where a(&rkA) is the value predicted at the output.with the forecast term of A units of
time, to is the moment of the forecast, m 1s the number of inputs for which the lag curves

are assigned, ti is the beginning of the calculation, i.e., the moment of tlime at which de-
formation for the i-th input begins to be considered (ti < to), q(i, J) are the ordinates

of the i-th input at the j-th moment of time, P(i, j) are the ordinates of the lag curves,
and k; are the discharge coefficients, determined from the conditions of preservation of

volumes.

Data at inputs may represent in [1] either the measured water discharge at correspond-
ing sites or the computed values of water yleld from the area related to the discussed in-
put. Ly curves and discharpge coefficients are usually determined according Lo archival
data and are preserved unchanpged in making the forecasts. The beginning of the calculanion
depends on the form of the lag curves and 1is selected with the calculaticn that the ditfer-
ence between the moment of. forecast and the beginning of calculation is not less than the
"memory" (number of significant ordinates) of the lag curves (Gp). The model used (1) is

nct completely adequate for the actual process, and the input data is assigned with errous
(especially il water yield is used rather than actual water discharpge). This may lead

to the fact that the calculated water discharge 6(0 for t,<t<ty will differ from that al-
ready avallable at the moment of the forecast of actual values of Q(t). The latter circum-
stance leads to a decrease in the accuracy of the forecasts, especlally with small Tore-
cast term, sincze the process described by dependence (1) has inertia (higher with higher
ﬁp). The period during which accuracy decreases due to inaccuracy of calculation up to 'the
moment LO depends on the form of the lag curves, which indirectly is determined by the
value of ép,
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To excludae possible accumulation of errors at the moment of forecas: in this plan we
must consider the initial conditions. 1In general form the relationshir :onsidering the
initial eonditlons can be represented as follows:

QU +18) =Qtt + 2) + 1 (Q, B), (2)

where (D(Q,A) is some operator which assimilates the factual data at th= output, which are
supplied at! {he moment of forecast. '

For some partial cases we obtalned analytical expressicens Thus, in apriwozimation of
the lar curve by gamma distribution one ol whose parame!ers (n) rakes only whole values,
we obtained the following relationship [2]:

(2% M
®(Q, 3)= zc, =) e (3)
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where n, v are the parameters of the lag curve, and Ci are constants of integratioﬁ}ﬁhich
‘must be determined from initlal conditions.

If n =1, the coefflcient Clais equal to the actual water discharee on tﬁe day of'ﬁﬁe
forecast Q(tu), since where f;=l; Q ({,)=0. In this case the forecast will always begln with
the aectual discharge, and the error of the input data up to the moment 1 will not affect
the forecast results. HMethods of determining the coeffilclents Ci where n # 1 are presented

in [5]. We note only that the greater the value of n, the lower the effectiveness of :
operator (3), since with *he Iincrease in n there is a strong increcase in the effect of the
inaccuracy of the input data on the process of determining the coefflcients. Due to this
a method fer decreasing the parameter n without substantial loss of accuracy of transforma-
tion was proposed in [6].

Drawbacks of this method of correcting the forecasts are obvious: the approximation
of the lag curve 1s firmly assigned, the parameter n has strong limitatlons, and errors of
input data are clearly not considered.

Proposed in [1,2] were methods of correction based on the replacement of the actual
input hydrograph by an arbitrary oneé, which decreases the errors of the calculation up to
the moment of the forecast. In one case [1] only one ordinate 1is changed with such a cal-
culation so that the calculated water discharge at the output on the day of the forecast
coincided with the actual discharge; in another [2] all ordinates on the interval (t,, tg )

are changed. Thus, in the first method an excessively large role is given to the discharge
on Lhe day of the forecast, and in the second, on the other hand, this discharge may not
have a marked effect on the correction, which thus lowers its effectiveness. Moreover,

the random nature of the errors 1s not considered in these approaches.

Considering the errors of the input data the relationship (2) may be represented in
the faliowine form: '

Q(I)—-Q(t)+'> k,m,}‘ W PG, —j+ 1), : : (i)
Jty .

whet: n(!, iu 'he error at the input at the j-th moment of time, and “i 1s the percentage
of runct'! 31 the i-th input {(in terms of runoff in a closed site 1t wu asually- determined
as the ratic of volumes of runcff during smenetically homogenseous DPPiC"J)

To use relatlionshins (4) in forecasts we must somehow asairn the <vector n, since we
do not actuanlly know the errors of input data. '

LLet us assume that the errors f‘n:)llow a normal law of distributi n with center 7 and
dlispersion n”. Ve model the vector Ny witli parvamstors no= 0 '-mri-Dn = {wni’n noise) Jn
the time ‘nuervnl {f, fodtAml (Ba is the maximal Torecast term). In ench w:tunl sase the Tore-—
castoof the parametersz of distrlbution a7 vrrores aive anknown and may If%er Trom those used

In wmedeling: the vectar Ng- To estlmate them we construect an alrorivhm based on mindmining
the followiny Tunetional: = '
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where T, Dn are the sought parameters of distribution of errors, Q(j) is water discharge,
salculated according to (#), Q(J) is the actual water discharge, @, are the coefflcients

which permit.us to assign different welght to the deviations of the calculated discharpge
from the actual values at different moments of tlme, and t is the moment of time from
which calculation errors are considered. P

in calculating Q(t) according to (4) the vectors of errors 1s recalculates with con-
sideration of the parameters ﬁ; and an, which are obtained in the process of minimizing
functional (5): '

=707, + - ()

To minimize functionalv(S) we can use the methods of optimization and obtain estimates
of ﬁ?;and D: which correspond to the vector.no-with some value of R* (%o 7, D*n). Since the

vector of errors is generated for a brief time period, it may not be optimal for the given
input data. Because of this the procedure of minimizing functional (5) must bé repeated n
times, modeling each time the new vector n, with the parameters n = 0 and Dn = 1. As a re-

sult we obtain a series of estimates of (y., D®n) and values of R; which correspond to the
original vectors ny (i=1,2,...,p) . :

For use in the forecast we select the estimates of the errors and the original vector

which correspond to the least value of R; from the obtained series. Such. an adaptation of

the plan to the input data should be repeated for each case of makinp a forecast. There-
fore 1t assumes that data on the predicted value enters and is assimilaved continuously.

In the practical implementation of the discussed algorithm we need to assign time in-
tervals Al =l—i,+1 and Atly=le—i,+1, and also welghted coefficlents aj. Since,tp should be

'greater than or equal to ti + ép, it is worthwhile to posit Aly=Altd,. Tt 1s considerably
more compllicated to select a priori the’ values of Atp and a,. To decrease the definite
nature in selecting weighted coefflcients we can use an indicative dependence

a,;a”?"/, ' : . (7)

where o 1s the coefficient of the decrease in the effect of calculation errors from tn to
tp, and O<a<l! . »

The discussed algorithm was used to correct short-range forecasts of the discharges
and levels of water in basins of the Pechora, Onon, and Neya Rivers (more than ten sites
were observed). For the first two dralnage basins the forecast was based on transforma-
tion of hydrographs assigned at input sites. For sites where observations were made only
on water levels, arbitrary curves of dlscharge were constructed by the method proposed in
f3]1. Tor the leya R. predictions were made on the basis of the model of formation of
thaw and rain runoff [4]. In this case the input data in (1) consisted of calculated values
nf water yicld. Verified forecasts were compiled daily 1in the period of the open river
rhannel zccordinic to data for 7-15 years. The rforecast term for different sites varied
from tuo to eight days. As input data in the period of the forecast term we used water
discharre predicted for the subjacent area. For individual areas (drainage basins) the
input data Tor the period of the forecast term were extrapolated. In.-general for each site
we compiled up to 5000 forecasts of different terms.

saleulations showed that the proposed adaptatlon algorithm significantly increases
forecast accuracy. The greatest effect is achieved, as should be expected, for predicticens
with short forecast terms (1-2 days). For all the discussed sites the forecasts for days
without consideration of initial conditions turn out to be practically ineffective (s/fo,>1) ,
whereas when initlal conditions were considered, the value of s/oA was always less than

one. With lncrease in the forecast term the effectiveness of correction decreases and es-
timates of the forecasts gradually approach the estimates obtained without considerine
inmitial conditlons. Table 1 presents the mean estimates of the forecasts of s/oA-over iN—

15 years for 4ifferent, forecast terms A, expressed in days, at some sites.
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Table 1

Mean Estimates of Forecasts .of s/cA for Some Sites

Obtained with (Numerator) and without (Denominator)
the Use of the Adaptation Algorithm

o Forscast term, days
— paint =
v e v | 2.] 3] 4 5] 6 7] 8
Qnon R. — vilisge of ___.0‘35 0'40 ] isa_ ——0'69
Bytey 052 | 042 | 054 6
Onen . — villags of 038 | 034 | 034 | 037 | o084 | 061 | 068
Chinaat-1 T3 | 060 | 047 | 043 | 089 | 0, 0,68
Onon R. —Olovyannava | 0.36 | 0,36 | 036 | 036 | 038 | 039 | 044 | 057
statlon 7 764 | 0687| 080 | 042 | To4T | D42 | 048 | 057
Onon R.—iepeny | 051|046 | 047 | 047 | o049 | 052 | 057 | 060
won 094 | 065 | 058 | 054 | 053 | 05t | 058 |0,
Neya R. —town of 060 | 070 | 0,67 0,66
Susizevo 114 | 050 | 072 | 066

In processing the adaptation algorithm we studied the effect of the parameters a and
Atp on forecast accuracy. It. turned out that these parameters have greatest effect on the

accuracy of forecasts with small terms. With a decrease in the parameter At_ the role of
a decreases greatly, and where Atp = 2 1ts value has practically no effect on the results.
For most cases the best accuracy was achleved where AtD = 3 and ¢ = 0.3-0.5. With the use

of the proposed algorithm for other objects 1t is worthwhile to select beforehand the opti-
mal value of the parameter Atp(where a = 0.3-0.5), making verification calculations ac-

cording to archival data for values of Atp from 1 to 6 days.

It should also be noted that in a striking number of cases the extension of the vector
n with the same characteristics to the period of the forecast term led to a decrease in
forecast accuracy. Therefore, in all later calculations the vector n was modeled only up
to the moment of the forecast (to), and it was assumed equal to zero in the forecast term.
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